FIGURE 3. Forest plots for the collision-related variables identified in the current analysis. The squares represent point estimates from each cohort; bigger squares indicate larger samples. The lines are 95% confidence intervals. The diamond represents the pooled odds ratio for each variable (vertical tips) and the pooled 95% confidence interval (horizontal tips). Abbreviation: CI, confidence interval. *Odds ratio less than 1 favors protection and greater than 1 favors risk. FIGURE 4.
W hiplash-associated disorder (WAD) is the most common sequela of noncatastrophic motor vehicle collisions following a motor vehicle accident. 33 The personal and societal burden of WAD is now well recognized, with an estimated 50% of sufferers experiencing long-term or chronic symptoms 4 with substantial direct and indirect costs. 13 Chronic WAD, as with many chronic pain conditions, tends to be resistant to treatment, with most research syntheses finding modest if any effects. 38, 39 WAD can manifest through a variety of symptoms, including neck pain or stiffness, headache, radicular symptoms, and cognitive impairment, which suggests a multifactorial etiology to the persistent symptoms. 33 Perhaps owing to its general recalcitrance to treatment, the importance of early identification of those people at risk of developing chronic problems has recently been highlighted, presupposing that early identification might allow better allocation of resources toward mitigation. 15 To this end, we have seen a dramatic increase in the number of prospective observational cohort studies published since the late 1990s, which has spawned at least 5 systematic reviews in the area of prognosis following acute WAD. 7, 16, 31, 43, 44 Heterogeneity in the methods driving these reviews has resulted in disparate conclusions, with 2 consistent findings being the strong predictive ability of high initial pain intensity and selfreported disability.
Given the nature of the primary sources, the authors of most systematic reviews have been unable to provide a pooled estimate indicating the extent to which the risk of chronic problems may increase in the presence of measurable prognostic factors. To address that deficit, T T STUDY DESIGN: Systematic review and metaanalysis.
T T OBJECTIVE:
To update a previous review and meta-analysis on risk factors for persistent problems following whiplash secondary to a motor vehicle accident. T T BACKGROUND: Prognosis in whiplash-associated disorder (WAD) has become an active area of research, perhaps owing to the difficulty of treating chronic problems. A previously published review and meta-analysis of prognostic factors included primary sources up to May 2007. Since that time, more research has become available, and an update to that original review is warranted.
T T METHODS:
A systematic search of international databases was conducted, with rigorous inclusion criteria focusing on studies published between May 2007 and May 2012. Articles were scored, and data were extracted and pooled to estimate the odds ratio for any factor that had at least 3 independent data points in the literature.
T T RESULTS:
Four new cohorts (n = 1121) were identified. In combination with findings of a previous review, 12 variables were found to be significant predictors of poor outcome following whiplash, 9 of which were new (n = 2) or revised (n = 7) as a result of additional data. The significant variables included high baseline pain intensity (greater than 5.5/10), report of headache at inception, less than postsecondary education, no seatbelt in use during the accident, report of low back pain at inception, high Neck Disability Index score (greater than 14.5/50), preinjury neck pain, report of neck pain at inception (regardless of intensity), high catastrophizing, female sex, WAD grade 2 or 3, and WAD grade 3 alone. Those variables robust to publication bias included high pain intensity, female sex, report of headache at inception, less than postsecondary education, high Neck Disability Index score, and WAD grade 2 or 3. Three existing variables (preaccident history of headache, rear-end collision, older age) and 1 additional novel variable (collision severity) were refined or added in this updated review but showed no significant predictive value.
T T CONCLUSION:
This review identified 2 additional prognostic factors and refined the estimates of 7 previously identified factors, bringing the total number of significant predictors across the 2 reviews to 12. These factors can be easily identified in a clinical setting to provide estimates of prognosis following whiplash.
[ research report ] a previous meta-analysis used a strict set of inclusion/exclusion criteria to identify a homogeneous subset of the literature that was adequately similar to allow a statistical pooling procedure. 42 Using published primary sources up to May 2007, that study identified 10 baseline variables that showed a significant pooled association with persistent WAD-related problems, and 8 additional variables that showed no association. 42 The predictive variables tended to be symptom related, including high pain intensity (odds ratio [OR] = 5.72), report of headache (OR = 2.71), and catastrophic beliefs about the condition (OR = 3.77). The variables with strong evidence of no association were all related to mechanisms of the collision itself, including direction of impact, speed of impact, or position in the vehicle.
It has now been 5 years since the end of the literature search in the previous publication, and new knowledge has emerged. Given the perceived importance of establishing prognosis early in the rehabilitation stage, it is important that clinicians employ the most recent and accurate estimates of the magnitude of risk ascribed to each of those factors. It is also possible that the new research may lead to the emergence of novel predictors that fit the criteria for statistical pooling that have yet to be reported in a knowledge synthesis. Therefore, the purpose of this study was to search the pool of literature for new peer-reviewed research findings that met stringent criteria and could be appropriately combined with the findings from the previous study 42 to provide more accurate estimates of the pooled OR given the presence of the risk factors.
METHODS

Search Strategy
A search was performed using 4 international online databases of scientific literature (MEDLINE, CINAHL, PsycINFO, and Embase). The search was limited to articles published between May 2007 and May 2012, because the intention of this research report was to update the previous systematic review and meta-analysis. The search terms used were whiplash or traffic or motor vehicle paired with prognos* or prospect* or cohort paired with neck or cervical.
Inclusion Criteria
Articles to be retained had to meet the following criteria: (1) the authors performed a prospective evaluation of 1 or more clinical risk factors for chronicity;
(2) all subjects were included and all baseline data collected within 3 weeks of the motor vehicle accident; (3) subjects were followed for at least 6 months postinjury to determine the presence of ongoing WAD-related symptoms and/or disability; (4) main outcomes included pain and/or self-rated disability as a result of the motor vehicle accident and were reported in a categorical fashion (eg, recovered/not recovered); (5) all subjects were 18 years of age or older; and (6) subjects with serious injuries, including fracture of the skull or vertebral column, paralysis, or significant brain in- jury, were excluded. Studies were also required to present sufficient data to allow for calculation of effect size (frequency counts, means and standard deviations, regression coefficients and standard error, regression coefficients and P values, t values, U values, or χ 2 values). Where sufficient data were not presented, corresponding authors were contacted up to 2 times to try to ascertain the data.
Quality Scoring and Data Extraction
Study quality and data extraction were done by cohort rather than by study, to avoid giving greater weight to any predictors that were investigated in the same cohort but in multiple publications. Each independent cohort was scored using the same tool as that used and presented previously. 42 The scoring tool consisted of 17 items covering the areas of patient sampling, methodology, statistical analysis, and interpretation of results. Two authors independently scored each of the cohorts. Discrepancies in scoring were primarily due to errors in reading or interpretation of scoring criteria, and were easily settled by consensus.
A structured coding scheme was constructed for each predictor to capture cohort, year of publication, methodological quality (low, less than 18/34; moderate, 18-22/34; high, greater than 22/34), sampling frame (emergency department, primary care clinic, specialist clinic, insurance claims), time to follow-up (less than 12 months, 12-16 months, 18-24 months), outcome captured (ongoing symptoms, ongoing disability), and geographic region (Australia, Canada, Denmark, Norway, Sweden, Switzerland, the Netherlands, and the United Kingdom).
Effect-Size Calculations
To pool the results, the same procedure outlined previously 42 was used to synthesize findings across studies using a common effect-size estimator. All statistical pooling was performed using a randomeffects model, which is a more conservative approach when heterogeneity of the population is thought to exist. 11 The pooled OR (increase in odds of being in the high-risk or not-recovered group given the presence of the predictor) was the effect-size indicator to be calculated.
Missing Data
In studies that indicated the collection and analysis of a risk factor and described "no significant effect" of that risk factor without accompanying data, or no further description of the factor in the results, we used a conservative approach and assumed equal frequency of exposure in each group of recovered/not-recovered patients. This forced the OR to 1.00 (log OR = 0.00), with SE logoddsratio (used for calculating 95% confidence intervals [CIs]) equal to the square root of the sample variance.
Moderator Analysis
There is a possibility that effect sizes may be influenced by systematic sources of bias that can be explored separately. A moderator variable is analogous to a stratification variable, in which data are grouped and analyzed within and between levels of the variable to determine what effect, if any, that variable has on the outcome. Significant heterogeneity among the primary effect sizes, indicated by a significant Q statistic (analogous to an F test in an analysis of variance), suggests that a moderator variable may be present and influencing the effect-size estimate in a subgroup of primary cohorts. 6 We evaluated the moderating effect of 4 variables determined a priori: (1) study quality, based on our quality-scoring tool;
(2) outcome captured, categorized as the presence of ongoing symptoms or ongo- [ research report ] ing disability, with more than 1 outcome captured in some cohorts; (3) sampling frame, categorized as emergency department, primary care, tertiary care, radio or print media, or insurance claims; and (4) length of follow-up, categorized as less than 12 months, 12 to 16 months, or 18 months or greater. Sterling 34 collected outcomes at multiple points, in which case the 6-month follow-up point was used. Geographic region was also considered for use as a moderator, but the sample of literature was too small to perform meaningful analyses.
Publication Bias
It is possible that the results of a metaanalysis are biased due to the fact that studies finding nonsignificance are less likely to be published, leading to an overestimation of the effect size in metaanalysis. To test for this bias, funnel plots for each predictor were examined and the fail-safe N statistic was calculated. 30 The fail-safe N can be considered an omnibus test of the robustness of a pooled result, providing an estimate of the number of unpublished studies of nonsignificant results that would be required to nullify the findings of significant pooled effect size found in this analysis.
RESULTS
A fter removing duplicates, a total of 380 citations were retrieved from the 4 databases. After a firstpass screen of title and abstract, 65 publications were retained for full-text review. As a result of the full-text review, 9 papers 5, 18, 20, [22] [23] [24] [25] 34, 41 describing 4 additional independent cohorts were retained and added to the existing pool of 11 cohorts from the previous review. 42 The total sample size was increased from 3193 to 4314 subjects when adding these 4 new cohorts to the previous 11. FIGURE 1 presents the results of the search strategy and TABLE 1 describes the characteristics of the 4 additional cohorts.
From the new cohorts, 35 additional primary effect sizes (data points) were extracted and added to the existing pool of 535 effect sizes. Through this process, 3 new predictors met the criteria for appropriate statistical pooling (evaluated in at least 3 independent cohorts): report of low back pain on intake, collision severity, and baseline score on the Neck Disability Index (NDI). 40 Additional data were also added to the pooled effect sizes of 10 of the variables identified in the previous review. In the interest of parsimony, only those 13 variables that are either novel or have been updated are reported here. These variables have been grouped in categories of patient demographics (3 predictors), collision parameters (2 predictors), past medical history (2 predictors), and presenting symptoms (6 predictors) . The APPENDIX provides the pooled effect sizes for all 28 variables that have been identified across the 2 reviews, including those that were not updated or revised as a result of this review.
Out of the 4 new cohorts, 1 cohort 22 captured recovery in terms of persistent self-reported neck pain, another cohort used the NDI, 34 and the remaining 2 cohorts (1 with multiple publications) used both pain and disability. 5, 18, 24, 26, 41 Demographic Variables FIGURE 2 presents the forest plots for the 3 demographic variables of less than postsecondary education (n = 2945), female sex (n = 4128), and older age (n = 2347). In the cohort described by Carstensen and colleagues, 5 we assumed that 4 years of postelementary education equated with a secondary or high school level (verified by the authors), whereas a clear threshold of higher education was not provided by Kivioja et al. 22 Having less than postsecondary education was associated with a pooled OR for membership in the not-recovered group of 2.00 (95% CI: 1.60, 2.51) with homogeneity.
Older age was definable, or at least calculable, in most studies as age greater than 50 to 55 years. As seen in FIGURE 1, the size of the effect of older age on the risk of persistent problems is negligible (OR = 1.00; 95% CI: 0.97, 1.04) with ho-mogeneity. The pooled OR for females as compared to males was small but significant (OR = 1.64; 95% CI: 1.27, 2.12) with significant heterogeneity. Moderator analysis revealed the heterogeneity to exist among the effects from 12-month follow-up, when pain specifically was the outcome, but no meaningful moderator could be identified to explain the heterogeneity within that group. The difference in pooled ORs across time points and outcomes was not significant; hence, the pooled effect was retained as our point estimate. FIGURE 3 provides the forest plots for 2 collision parameter variables of rear-end collision (n = 1466) and self-reported severe collision (n = 1337). Experiencing a rear-end collision, in comparison to collision from other directions, showed no association with the risk of persistent problems (OR = 1.07; 95% CI: 0.74, 1.56). Describing the collision as severe, in comparison to mild or trivial, also showed no significant risk of persistent problems (OR = 1.12; 95% CI: 0.90, 1.39). Effect sizes for both variables were homogeneous. FIGURE 4 provides the forest plots for the 2 variables pertaining to past medical history: preinjury neck pain (n = 2319) and prior history of headache (n = 718). The effect sizes for preinjury neck pain demonstrated significant heterogeneity (Q = 23.4, P<.01), with the effect from the study by Carstensen et al 5 being the clear outlier. Excluding these data points provided homogeneity, but we were unable to identify a moderator that would justify doing so. The effect size of increased risk of persistent pain or disability with heterogeneity was small but significant (OR = 1.59; 95% CI: 1.03, 2.46).
Collision Parameters
Past Medical History
The effect size for history of headache was also heterogeneous (Q = 9.26, P = .03) and suggested no significant risk of persistent problems (OR = [ research report ] attributed to the effect from the study by Radanov and colleagues 29 identified in the previous review, which was the only study with a follow-up of greater than 16 months. Excluding this outlier, the effect size of the history of headache on the risk of persistent problems at follow-up remained nonsignificant (OR = 1.22; 95% CI: 0.76, 1.97).
Presenting Signs and Symptoms
FIGURE 5 provides the forest plots for the 4 variables pertaining to self-reported presenting signs and symptoms: report of headache at inception (n = 2116), high neck pain intensity (n = 2856), report of low back pain at inception (n = 637), and high NDI score (n = 648). FIGURE 6 provides the forest plots for WAD grade 2 or 3 versus grade 0 or 1 (n = 2851) and grade 2 versus grade 3 (n = 2555). Self-reported headache at inception was associated with a significant increase in the risk of reporting persistent prob-lems at follow-up (OR = 2.70; 95% CI: 2.16, 3.39). High neck pain intensity, defined where possible as a score of 55 out of 100 or 6 out of 10, was associated with nearly a 6-fold increase in risk of persistent pain or disability at follow-up (OR = 5.63; 95% CI: 3.76, 8.43). Report of low back pain at inception, regardless of intensity, showed a small but significant risk for persistent problems (OR = 1.83; 95% CI: 1.25, 2.67). The effect sizes for all 3 of these variables were homogeneous.
High score on the NDI was the second novel predictor to come out of this updated review, having been evaluated in 3 independent cohorts. 1, 28, 34 We were able to define a cut score of 15 or higher out of 50 at inception as being high, requiring a z-transformation technique to determine the number of subjects in each category from the paper by Sterling. 34 The pooled OR from all 3 cohorts was very high at 15.52, but had broad 95% confidence limits (95% CI: 1.67, 144.43) that provided low confidence in the accuracy of the pooled point estimate. Significant heterogeneity existed among the effects, and the moderator variable was easily identified as being the type of outcome. Atherton and colleagues 1 used ongoing pain as their outcome, for which the calculated OR for a high NDI score was low to moderate at 2.65 (95% CI: 1.59, 4.39). In contrast, Sterling 34 and Nederhand and colleagues 28 both used the NDI itself to define recovery. The pooled OR from these 2 papers was very high (42.18), again with wide 95% confidence limits (7.37, 241.3) but statistical homogeneity.
Enough data for WAD grade were presented to allow comparison across different follow-up times (6, 12, and 24 months) and for comparing grade 2 (neck pain and stiffness without radicular symptoms) or 3 (neck pain or stiffness with radicular signs or symptoms) against grade 0 (no symptoms) or 1 (pain or point tenderness only), or grade 3 TABLE 2 provides the estimates of the failsafe N for each of the significant predictors from this review, and the APPENDIX provides the fail-safe N for all significant predictors across both the previous review and this update. Of the predictors reported here, less than postsecondary education, high pain intensity, female sex, WAD grade 2 or 3, and high NDI score all met the criteria for being robust to publication bias, based on the criterion of having a fail-safe N statistic at least 5 times that of the number of primary sources.
Direction of Collision: Rear End
Publication Bias
DISCUSSION
F ollowing a rigorous process for data identification and extraction, we were able to update the existing estimates of risk provided by prognostic factors for persistent pain or disability at least 6 months following WAD. Only those cohorts for which all baseline data were collected within 3 weeks of the initiating accident were included. All variables are easily collected in a clinical setting, although not all (eg, education, sex) are amenable to intervention. Of the results presented here, 10 are updated estimates of effect compared to those provided in a previous publication, 42 whereas 3 (report of low back pain at inception, high NDI score, severity of the collision) are novel variables that have become appropriate for pooling due to the addition of new primary sources to the database. Data for a total of 28 variables have now been synthesized between the 2 reviews, 12 of which have shown a statistically significant ability to predict membership in the recovered or not-recovered groups at follow-up. For the updated variables, the additional data have narrowed the confidence limits compared to the previous review, providing greater confidence in the accuracy of the calculated point estimate.
Similar to the previous review, we continued to encounter problems with lack of a standardized operationalization for "recovery" in the pool of literature. This does raise the valid question of the appropriateness of performing statistical pooling. In an attempt to mitigate this problem, we intentionally limited our search to only those papers that reported outcomes dichotomously in terms of recovered versus not recovered, or some categori- [ research report ] cal permutation thereof that allowed for dichotomization (ie, Sterling 34 ). In addition, we evaluated the pool of effect sizes to determine whether type of outcome (pain versus disability) influenced the re-sult. For only 1 predictor (NDI score) was this the case. A random-effects model was also used in the statistical pooling to incorporate random error, which in most cases led to more conservative estimates of effect. Despite these strategies, we recognize that some readers may still take issue with the pooling procedure here. At best, our findings suggest that, at least for this review, the variety of operationaliza- tions is not so disparate as to be problematic. At worst, this continues to highlight the lack of standardization in outcome and stimulates conversation. Both views are satisfactory in our opinion.
In terms of effect size, consistency, confidence limits, and fail-safe N, high (greater than 55/100 or 5.5/10) baseline pain intensity continues to be the most robust predictor of a poor outcome. However, high (greater than 14.5/50) baseline NDI score may prove equally as useful, if not more so, as more data are added. Although the pooled OR for the high NDI score is quite large (15.52), the extremely broad 95% confidence limits give us very little confidence in the accuracy of this estimate, beyond its appearing to be statistically different from parity (1.0). Based on the data currently available, we are confident in recommending use of the NDI at intake as a potential predictor variable of chronicity, especially when disability is also the outcome to be predicted, but we are not confident in the exact magnitude of risk it explains. Of additional note, female sex has now emerged as a robust, although not strong, predictor of risk. The magnitude of risk for female sex has not changed considerably (an OR of 1.54 in the previous review and 1.64 in the current review), but the fail-safe N has increased from 25 in the previous review to 109 with the additional data.
An additional predictor, the report of low back pain on intake, suggests that this factor may also provide valuable information when estimating risk of poor outcome. Although also not a strong predictor (OR = 1.83), it is significantly different from parity and may be an item to include in a battery of tests for establishing prognosis. The fact that it is [ research report ] easy to capture and potentially provides some guidance for intervention planning makes this an attractive predictor. However, readers should be aware that, as with any of the predictors captured here, we do not yet have firm evidence of cause and effect. In practical terms, this means that, whereas reports of low back pain at intake may increase the risk of persistent problems, we cannot say that removing the low back pain reduces that risk. The lack of evidence for cause and effect holds true for all variables identified in this research report and is worthy of brief discussion. There remains a paucity of empirical evidence that risk factor-targeted treatment in the acute stage of injury actually prevents the development of chronic problems. 35 There are a number of potential explanations for this, which have been outlined in a series of recent publications. 8, 9, 15, 35 Of particular relevance is the number of predictors in the current literature, which poses a considerable challenge for the design of clinical trials in acute WAD. We believe that this represents the value of reviews and data syntheses, such as those presented here, in which the most important set of modifiable predictors that may be used in future designs as inclusion/exclusion criteria, stratification variables, or statistical covariates is identified.
Parameters of the collision continue to show no predictive ability in identifying risk of poor outcome. This result has been repeated in enough primary and secondary research 16, 31 to now appear robust. However, as with most of these predictors, caution in interpretation is warranted. In almost every case, details of the accident are captured through selfreport of the patient, making them highly susceptible to a variety of biases, including recall bias (not remembering correctly) and desirability bias (a secondary motive influencing reporting). Photos, repair invoices, or technological advances, such as the addition of "black boxes" (telemetry recorders) in vehicles, which will become law for new vehicles manufactured in the United States in 2015, 27 might provide more objective, unbiased data regarding collision parameters for future research. While we are confident that self-reported accident parameters do not appear to be predictive of outcome, it is possible that more objective data may yet prove valuable. It is likely that such biases are present and have affected the effect estimates for the medical history variables of preaccident neck pain and headache, both of which were found to have little or no predictive value, respectively. This nonintuitive finding suggests that more valid measures of these variables should be developed before work is continued in this area.
On balance, our results from this and our previous review suggest that self-reported baseline symptoms, such as pain intensity, self-reported disability, and catastrophic beliefs, are more powerful predictors of outcome than are the mechanism of the accident or past medical history, findings that are generally in keeping with other reviews in the area. 7, 16, 31, 43, 44 However, this should not be surprising, given that in every case the outcome of interest was also self-reported pain or disability. It is entirely possible that the magnitude of risk associated with these predictors would be different for other non-self-reported outcomes, such as work or compensation status.
Beyond the limitations already identified, the statistical procedure itself warrants consideration. Readers should be aware that, in many cases, statistics as presented in the primary sources required some degree of transformation to achieve a similar metric appropriate for pooling. We intentionally used a conservative approach when this was required and sought the aid of an experienced statistician when necessary. The general homogeneity among effect sizes suggests that those required transformations were adequately accurate. Where possible, we verified the results of our transformations with the raw data from the authors of the primary sources; however, in some cases, these were unavailable and a strong estimate was the best available. A second lim-itation is common to any meta-analysis, and this is the effect of unpublished data. Although the fail-safe N statistic provides some comfort in the robustness of results, it is likely that unpublished data exist and could influence the magnitude of effect. Given that negative findings are more likely to remain unpublished than are positive findings, 14 the inclusion of unpublished data will likely bring the effects closer to parity. This speaks to the value of regular updates to such work, where new data are incorporated as they become available. Another update of this meta-analysis is planned in 5 years' time, during which currently unpublished data will likely become available.
Finally, the nature of the data and the pooling technique precludes formal analysis on the combined effect of different predictors. While not simply summative, it is likely that the existence of 2 or more risk factors will increase the overall OR. Recently, predictive tools and models that aim to address this issue through use of multidimensional assessments and questionnaires have started to appear in the literature. 19, 36 As these are refined, we anticipate the landscape of prognosis in acute WAD and other conditions to change considerably. As per the previous review, we suggest that clinicians include the following statement any time an estimate of risk as described in this review is documented: "Patients often have 1 or more risk factors that affect their outcome. The evidence available at this time indicates how to interpret single risk factors in the way we have in this assessment. The evidence does not provide direction on how to interpret multiple factors at this time. It cannot be assumed that multiple risk factors are directly additive, but evidence suggests that the presence of multiple risk factors does increase risk in most cases. factors following acute WAD. Compared to the previous review, 10 predictors (of which 7 are significant) have received revised and more accurate risk estimates based on the updated search. Three new variables have been identified, of which 2 are significant. In total across the 2 reviews, 12 of 28 variables have demonstrated statistically significant ability to predict recovered or not-recovered group membership, with ORs ranging from small (preaccident history of neck pain, 1.59) to large (high pain intensity, 5.61; NDI, 42.18 when disability is also the outcome). Disparate outcomes continue to be a barrier to interpretation, but strict inclusion criteria, moderator analysis, and homogeneous effect sizes provide confidence in the accuracy of our results. Limitations have been discussed, including our current inability to discern the risk assigned when multiple risk factors are present in the same person. Future research should focus on the mechanisms behind the transition from acute to chronic problems, and ultimately on intervention strategies for high-risk
individuals. t to estimate a prognosis following acute whiplash. CAUTION: Some data transformations were required, which may have led to inaccurate estimates of the true effect size. Differences in outcomes warrant caution in interpretation. The state of knowledge is not yet at the point where the impact of multiple risk factors in a single person can be appreciated.
